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Abstract: 

We discuss the complete virtual and soft-photonic 0{a.) corrections to 77 W^W~ 
within the electroweak Standard Model for arbitrary polarized photons. In the on-shell 
renormalization scheme for fixed Mw no leading corrections associated with the running 
of a or heavy top-quark and Higgs-boson masses occur. The corrections turn out to be of 
the order of 10%, but can become much larger where the lowest-order cross- sect ions are 
suppressed. 
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1 Introduction 

A particularly interesting process at 77 colliders is W-pair production. Its total cross- 
section approaches a constant of about 80 pb at high energies corresponding to 8 x 10^ 
W pairs for 10 fb^^. Although this large cross-section is drastically reduced by angular 
cuts, even for |cos0| < 0.8 it is still 15 and 4pb at a center-of-mass energy of 500 and 
1000 GeV, respectively, and thus much larger as e.g. the one for e"'"e~ — > W"^W~. Hence 
77 — ^ W'^W" is very well-suited for precision investigations of the SM. 

Most of the existing works on 77 — W"''W~ concentrated on tree-level predictions 
and on the influence of anomalous non-Abelian gauge couplings [ |I], ^. At tree level, 
the process 77 — > W"'"W~ depends both on the triple 7WW and the quartic 77WW 
coupling, and no other vertices are involved in the unitary gauge. The sensitivity to the 
7WW coupling is comparable and complementary to the reactions e+e" W"^W~ and 
e~7 W^v [ 0. Because the sensitivity to the 77WW coupling is much larger than the 
one in e"^e~ processes, 77 W"'"W~ is the ideal process to study this coupling [ ^ . 

The one-loop diagrams involving a resonant Higgs boson have been calculated in order 
to study the possible investigation of the Higgs boson via 77 ^ H* ^ W^W~ [ ^, 
^, 1^, 0]. Based on our complete one-loop calculation [ |^, we have supplemented these 
investigations by a discussion of the heavy-Higgs effects in Ref. [ ^. As a matter of fact, 
only the (suppressed) channels of longitudinal W-boson production are sensitive to the 
Higgs mechanism, but the (dominant) channels of purely transverse W-boson production 
are extremely insensitive. This insensitivity to the Higgs sector renders 77 — > W^W^ 
even more suitable for the investigation of the non-Abelian self couplings. 

In this paper we summarize our results for the complete virtual and soft-photonic 
0{a) corrections. We give a survey of the leading corrections and restrict the numerical 
t Supported by the Deutsche Forschungsgemeinschaft. 



discussion to unpolarized W bosons. More detailed results and a discussion of their 
evaluation can be found in Refs. [ |, 0]. 



2 Lowest-order cross-section 

The Born cross-section of 77 W"'"W~ is given by the formulae 

.^.Born _3^2^r 2s{2s + 3M^) 2s\s' + 3M^) \ 

[dn)^^^^^ 2s \ 3iM^-t)iM^-u)^3iM^-ty{M^-urj 

for the unpolarized differential cross-section and 
B„,, _67ra2 r 4M2,(s-2M2,) / 1 + /5 cos ^^ut \ 16(s2 + 3M^) 1 



S .2/3cOS^eut ^°Hl-/5cOS0cutj^3.2(l-/32cos2^,,O/ 

(2) 

for the unpolarized cross-section integrated over 6'cut < < 180° — 6'cut- Here /? = 



1 — 4M^/s denotes the velocity of the W bosons and s, t, and u are the usual Mandel- 
stam variables. Concerning kinematics, polarizations, input parameters, etc., we follow 
the conventions of Ref. [|^ throughout. 

As can be seen from Table |I], the lowest-order cross-sections are dominated by trans- 
verse (T) W bosons. The massive t-channel exchange gives rise to a constant cross-section 
at high energies, s ^ M^, for 6'cut = 

Born Born ^ Born Born STTOi , , 

For a finite cut, cr^±uu "^i^^uu behave as 1/s for large s. This is illustrated in Fig. ^ 
for two different angular cuts ^cut = 10°, 20°. Close to threshold the differential and 
integrated cross-sections for all polarization configurations vanish like (3. 



3 Leading corrections 

Electroweak radiative corrections contain leading contributions of universal origin. In 
the on-shell renormalization scheme with input parameters a, Mw, Mz these affect the 
corrections to 77 W"'"W~ as follows: 

• Since the two external photons are on mass shell, the relevant effective coupling is 
the one at zero- momentum transfer and the running of a is not relevant. 
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Table 1: Lowest-order integrated cross-sections in pb for several polarizations; the lowest- 
order cross-section for ±±(LT + TL) vanishes. 



In order to handle the Higgs-boson resonance at s = M^, in the literature [ |, 0] 
the Higgs-boson width has been introduced naively by the replacement 

s-M^ s-M^ + iMuTn 

in the resonant contribution. However, this treatment destroys gauge invariance at 
the level of non-resonant 0{a) corrections. In order to preserve gauge invariance, 
we decompose the Higgs-resonance contribution into a gauge-invariant resonant part 
and a gauge- dependent non-resonant part and introduce Fh only in the former: 

Outside the region of Higgs resonance the Higgs-mass dependence is small for un- 
polarized W bosons. For all polarizations no corrections involving log(MH/Mw) or 
M^/M^ arise in the heavy-Higgs limit [ |^. However, for y/s 3> Mh 3> Mw correc- 
tions proportional to M^/M^ appear for the cross-sections involving longitudinal 
(L) gauge bosons as a remnant of the unitarity cancellations. These terms give rise 
to large effects in particular for cross-sections with longitudinal W bosons. 

The top-mass-dependent corrections are also small and behave similar to the Higgs- 
mass-dependent corrections for ^/s ^ m^^^ more precisely neither corrections 
proportional to ml nor proportional to logmt occur in this limit for fixed Mw- 

As 77 — i> W"'"W~ involves no light charged external particles, no large logarithmic 
corrections associated with collinear photons show up (apart from the region of 
very high energies, s ^ Af^). As a consequence, the photonic corrections are not 
enhanced with respect to the weak corrections. 



Close to threshold, i.e. for /3 <^ 1, the Coulomb singularity gives rise to the large 
universal correction 



The factor j3~^ is typical for the pair production of stable (on-shell) particles. For 
the generalization to unstable (off-shell) particles see Ref. [ |l( 



At high energies, s ^ M^, the radiative corrections are dominated by terms like 
(a/vr) log^(s/M^), which arise from vertex and box diagrams. At 1 TeV these are about 
10%, setting the scale for the (weak) radiative corrections at this energy. 



4 Numerical results 



Electromagnetic and genuine weak corrections cannot be separated in a gauge-invariant 
way on the basis of Feynman diagrams. As no leading coUinear logarithms occur in 
77 —>■ W''"W^, the only source of enhanced photonic corrections are the soft-photon-cut- 
off-dependent terms which yield the relative correction 

Since we are mainly interested in the weak corrections, we discard the (gauge-invariant) 
cut-off-dependent terms (0) by setting the soft-photon cut-off energy AE equal to the 
beam energy E and consider the rest as a suitable measure of the weak corrections. If 
not stated otherwise, the correction 6 stands in the following for the complete relative 
soft-photonic and virtual electroweak corrections with AE = E. 

Figure ^ shows the "weak" corrections to the total cross-sections integrated over 10° < 
6 < 170° and 20° < 9 < 160° for unpolarized W bosons. The corrections for different 
photon polarizations almost coincide with each other and reach roughly —20% for ^^cut = 
10° and —35% for ^^cut = 20° at ^/s = 2 TeV. At low energies the cross-sections with equal 
photon and W boson helicities are dominated by the Higgs resonance. Note that owing 
to helicity conservation the other cross-sections are not affected by the Higgs resonance. 

In Table ^ we list the unpolarized cross- sect ions and the corresponding corrections for 
several energies and scattering angles. We include the corrections for a soft-photon-energy 
cut-off AE = O.IE, i.e. the cut-off- dependent corrections 6cnt from (^, and the individual 
(gauge-invariant) fermionic 5femi and bosonic corrections 5bos- The fermionic corrections 
consist of all loop diagrams and counterterm contributions involving fermion loops, all 
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Figure 1: Integrated lowest-order cross-sections and corresponding relative corrections for 
an angular cut 10° < 9 < 170° (upper set of curves in each plot) and 20° < < 160° 
(lower set). 
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Table 2: Lowest-order cross-sections and relative corrections for unpolarized particles 



other contributions form the bosonic corrections. The fermionic corrections stay below 
5-10% even for high energies. The bosonic contributions are responsible for the large 
corrections at high energies, in particular in the central angular region. 

In Ref. [ the total cross-section and the ratios 

_ a{\cos9\ < OA) p _ ^LL p _ 
a{\cosu\ < U.8j (Ttt 

have been investigated in view of their sensitivity to anomalous couplings.^ We list the 
lowest-order predictions together with the (9(a)-corrected ones and the relative "weak" 
corrections for these observables in Table using |cos6'cut| = 0.8. 

In Fig. § we plot the integrated cross-section including 0{a) "weak" corrections using 

^cut = 20° for various values of the Higgs-boson mass. While the Higgs resonance is 

comparably sharp for small Higgs-boson masses, it is washed out by the large width of the 

Higgs boson for high Mh- Already for Mh = 400 GeV the Higgs resonance is hardly visible. 

^Note that we do not perform a convolution with a rcahstic photon spectrum but consider the incoming 
photons as monochromatic. 
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Table 3: Tree-level and 0{a) results for various observables using |cos^cut| — 0.8 
a/pb 
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Figure 2: Integrated unpolarized cross-section including 0{a) "weak" corrections for var- 
ious Higgs-boson masses (20° < 9 < 160°) 



5 Summary 



The process 77 — > W+W will be one of the most interesting reactions at future 77 
colliders. In particular, it is very useful to study non-Abelian gauge couplings. 

We have calculated the one-loop radiative corrections to 77 — > W"'"W~ within the 
electroweak Standard Model in the soft-photon approximation for arbitrary polarizations 
of the photons and W bosons. An interesting peculiarity of 77 — > W+W~ is the absence 
of most universal leading corrections, such as the running of a and leading logarithms as- 
sociated with collincar bremsstrahlung. Therefore, theoretical predictions are very clean. 
The variation of the cross-sections with the top-quark and Higgs-boson masses is small if 
Mw is kept fixed with the exception of the cross-sections involving longitudinal W bosons 
at high energies. In the heavy mass limit no leading m^-, logmt-, and logMn-terms exist. 

The soft-photon-cut-off-independent radiative corrections to the total cross-section are 
of the order of 10% and can reach up to 50% at 2 TeV. The large corrections are due to 
bosonic loop diagrams whereas the effects of the fermionic ones are of the order of 5-10%. 
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